Strengths and limitations of this study ► We analysed the effects of the lagged health status and the evolution of health status over time on work exit and absenteeism among the older working population in China. ► We measured two outcomes: work exit and the number of absent workdays due to health problems among those who remained working. ► To address the problems of measurement error of self-rated health status, we used three detailed health measures to construct an index of health in our analyses. ► We only selected working population in 2011 which might underestimate the effect of health status.
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AbStrACt
Objectives To analyse the effects of health status on work exit and absenteeism among the older working population in China.
Design Secondary analysis of a cohort sample.
Setting and participants Community samples who engaged in either agricultural or non-agriculture work or both in the 2011 wave of the China Health and Retirement Longitudinal Study (CHARLS) and whose age was 45-55 years for women or 45-60 years for men in the 2013 wave.
Outcome measures Work exit and number of absent workdays due to health problems in 2013. To address the problems of measurement error of self-rated health status, we used disability condition, number of chronic diseases and functional limitation to construct an index of health. We divided the sample into four groups according to gender and work types (farmers who conducted any agricultural work in 2011 vs non-farmers who conducted non-agricultural work only) and conducted analyses separately.
results Farmers (11.0% for women and 4.9% for men) were less likely to exit from work than non-farmers (18.5% and 12.0%, respectively) but took more absent workdays (16.6 days for women and 15.0 days for men) than non-farmers (5.6 and 4.9) . Poor health status in 2011 was significantly associated with the work exit in 2013 of female and male farmers but not non-farmers. Older workers (except female non-farmers) with persistently poor health or recent health deterioration over time were significantly more likely to stop working or missed more workdays than those with persistently good health.
Conclusions Poor 2-year lagged health predicts work exit for both male and female farmers, and increases the absent work days in all older working population. Persistently poor health or recent health deterioration over time has detrimental impact on labour market in terms of work exit and absenteeism among all older Chinese workers except for female non-farmers.
IntrODuCtIOn
China has become one of the fastest ageing countries in the world. 1 The number of people in labour force (aged 18-64 years) is expected to decline by approximately 140 million in 2050 even under the current universal two-child policy. 2 The rapid growth of the older population and shrinking labour force raise many problems in Chinese society. One of the prominent problems is a possible threat to the stability and sustainability of the current social pension system of China. The shrinking labour force will contribute less to the retirement income system and an increasing aged population will be eligible to receive retirement pensions. Therefore, the combination of the two trends could significantly impact economic growth adversely and cause the pension fund to become bankrupt. Currently, China's labour market has shown the following two characteristics. On one hand, the employment rate among older population in the urban area (mainly conducting non-agricultural work) is very low, it only reaches 40% among people between 50 and 59, and this rate decreases further to about 20% for those aged 60-64. 3 This might be due to the official mandatory retirement policies implemented in the urban formal sectors. 4 Specifically, the retirement age for men is 60 years and for women, it is 55 for civil servants and employees for state enterprises, and 50 for others. On the other hand, Open access the employment rate among older population in the rural area (mainly conducting agricultural work) is very high, most people still work between 65 and 69, and by the age of 80, the employment rate is still above 20%. 3 This divergence of employment for the urban and rural areas is mainly due to the fact that the retirement policy, the pension programme and unemployment insurance programme are limited only to the urban formal sectors in China but not to the rural population. Considering that the older population has become or will become the main component of labour force in China, it is crucial to keep them active and productive in the labour market to maintain sufficient labour supply and contain the increasing national spending on income support.
Labour market status are affected by many factors, among which the influence of health on labour supply has attracted more and more attention. Specifically, people would have to stop working due to their poor health status or frequently take sick leaves while remaining working. It is important and necessary to study the effect of health status on work exit and absenteeism among the older working people for the following two reasons. First, it helps policy-makers better understand the impact of health on labour market activities and therefore they will be able to develop appropriate policies to encourage older working people to not only remain active in the labour market but also remain productive. Second, it helps policy-makers better understand the consequence of poor health, which includes not only the higher healthcare expenditures but also the productivity losses attributable to work exit and absenteeism.
There is a vast literature that demonstrates poor health has a significant impact on work exit in the developed countries especially among older population. In these economic and epidemiological studies, poor health has been measured by self-rated health (SRH), [5] [6] [7] [8] [9] [10] [11] [12] [13] chronic diseases such as depression, 14 rheumatoid arthritis, 15 diabetes, 16 cancer 17 and functional limitations. 18 Many studies have also shown the impact of one specific disease on the number of absent workdays among people with the disease. [19] [20] [21] [22] [23] [24] [25] However, worldwide, there are only a few studies from the developed countries that measure the number of absent workdays in the general population due to a lack of data. [26] [27] [28] [29] [30] Most studies to date have focused on either comparing the incremental effects of different chronic diseases on absent workdays or estimating the incremental productivity loss due to different chronic diseases. [26] [27] [28] [29] [30] [31] Overall, there are few studies analysing the effect of health on work exit or absenteeism in the developing countries, 32 especially among older working population.
In addition, most of the previous studies have examined the static relationship between health and work exit. However, the relationship can be a dynamic process. Studies have shown that not only the current health status but also the previous health status affect decisions concerning work exit. 9 10 Therefore, the impact of persistently poor health might be different from that of recent health deterioration. To fill the literature gap, this present paper was to examine the effects of health status on work exit and absenteeism among the older working population in China. Specifically, we measured the impact of previous health status and the change of health status over time on work exit and the number of absent workdays due to the health problems among the older people who were previously working. Our hypotheses were: (1) those with poorer previous health status were expected to be more likely to exit from work or missed more workdays; (2) those with persistently poor health were expected to be most likely to exit from work and had the highest number of absent workdays.
MethODS

Data and study population
The data used in the paper were drawn from the first two waves (2011 and 2013) of the China Health and Retirement Longitudinal Study (CHARLS) survey in China. The details of the survey can be found in Zhao et al. 33 Generally speaking, CHARLS is designed in the similar way to the US Health and Retirement Study as a broad-purposed social science and health survey of people aged 45 or older and their spouses in China. It is a high-quality survey of nationally representative sample of Chinese residents. The national baseline survey for CHARLS was conducted between June 2011 and March 2012 and the respondents are followed every 2 years, using a face-to-face computer-assisted personal interview (CAPI). Samples were chosen through multistage probability sampling. In the first stage, 150 county-level units were randomly chosen with a probability proportional-to-size sampling technique from a sampling frame containing all county-level units with the exception of Tibet. The sample was stratified by region and within region by urban districts or rural counties and per capita statistics on gross domestic product. The final sample of 150 counties fell within 28 provinces. After excluding empty or non-resident dwellings, 12 740 households were age-eligible for CHARLS. Final CAPI interviews were conducted on 10 257 households, which included 17 708 individual participants. The response rate of the survey was 80.5%. Of the 19.5% rate of non-response, 8.8% was due to refusal to respond, 8.2% to unable to contact sample residents and 2.0% to other reasons. The survey contains detailed information on individual and household characteristics, such as individual demographics, work activities, health conditions, health services utilisation and insurance, physical measurements and household income, expenditure and assets.
Our study population was based on the CHARLS participants who engaged in either agricultural or non-agriculture work or both in 2011 and whose age was between 45 and 55 years for women or between 45 and 60 years for men in 2013 (n=4683). The age restriction was chosen according to the legal retirement age typically for those who are employed in the urban formal sectors in China.
Open access
Although retirement age policy does not apply to the rural population, for comparison purpose, we chose the same age bands for participants who engaged in the agricultural job. We further restricted our study sample to those without missing data on labour participation status and other explanatory variables. As a result, our final sample used for analysing the effect of health status on work exit was 4332. Among them, 3942 individuals were still working in 2013 and eligible for the questions on number of absent workdays due to health problems. After removing sample with missing value on number of absent workdays, 3846 individuals were used for analysing the effect of health status on number of absent workdays.
Measures
Measurement of work exit and absenteeism
In the present paper, we measured two outcomes: work exit and the number of absent workdays due to health problems in 2013. Work exit status was determined by a series of questions in CHARLS (see section 1 of the online supplementary appendix). An individual was considered as 'working' if he or she engaged in agricultural work (including farming, forestry, fishing and husbandry for his or her own family or others) for more than 10 days in the past year or worked for at least 1 hour last week (such as earning a wage, running their own business and unpaid family business work) or was on leave but expected to go back or still received salary. Otherwise, an individual was considered as 'not working'. Since our study population was the CHARLS participants who were 'working' in 2011, 'not working' in 2013 was referred to as work exit.
The number of absent workdays due to health problems was measured based on the question, "How many days of work did you miss last year due to health problems?" for those who were still working in 2013, that is, those who engaged in household agricultural work, being employed or in non-farm self-employed and unpaid family business.
Measurement of health and other controls
SRH has been used extensively in epidemiological and economic studies not only as a measure of population health but also as a predictor of mortality, morbidity, healthcare utilisation and work exit. 5 8 9 12 34-37 To be consistent with literature, we used SRH as our main health measure. The SRH (5-point Likert scale) in 2011 and 2013 were categorised into: good (reported good health or better than good health), fair (reported fair health) and poor (reported poor health or worth than poor health), respectively. The change of health status from 2011 to 2013 was defined by four categories: poor in 2011 to poor 2013, good/fair 2011 to poor 2013, poor 2011 to good/fair 2013, good/fair 2011 to good/fair 2013.
Other detailed health measures were used to construct an index of health to address the endogeneity and measurement error issues of the SRH, which was described in the Econometric models section. These measures included disability condition, number of chronic diseases and functional limitations. Other control variables included age, education (illiterate, lower than elementary school, elementary school graduate and middle school or higher), marriage status (married vs not) and monthly household expenditures on food, utilities, household items, clothing, medical care, taxes, etc. The detailed definition of the health-related and control variables are presented in section 2 of the online supplementary appendix.
Patient and public involvement
There was no public or patient involvement in the development of research question, the outcome measures, the design or implementation of the study.
econometric models
There are a number of potential problems with the SRH. First, there might exist reverse causality between health and labour market status. 38 39 To address this, we measured the impact of health status before work exit on work exit (ie, the impact of health status in 2011 on work exit in 2013) to avoid the reverse causality. Second, the SRH may also suffer 'justification bias', that is, an individual could justify his or her work exit by reporting worse health status than his or her true health status. 40 Third, due to individual heterogeneity, the SRH measure might not be comparable across respondents which means there may also be measurement error problem.
To address the potential endogeneity and measurement error of the SRH, we followed Bound et al 9 and used the latent variable model, which is analogous to using the three detailed health measures (ie, disability condition, number of chronic diseases and functional limitations) to construct an index of health. 9 10 38 Specifically, we used ordered Probit model for the SRH in 2011 ( H11 ) and the change of SRH from 2011 to 2013. We carried out the full information maximum likelihood estimation method using SAS QLIM procedure. 41 A number of goodness-of-fit measures (including different Pseudo R-squared) for the ordered Probit model for the SRH were conducted to show how well the three detailed measures predict SRH.
Two different model specifications were used: model I, to examine the effect of lagged health status by including H 11 in the model; model II, to examine the effect of change in health status by including the change of SRH from 2011 to 2013 in the model. The specific model specifications were presented in section 3 of the online supplementary appendix. All analyses were weighted using the individual longitudinal weights provided by CHARLS. 42 Similar method was used for absent workdays. We employed the Tobit model for the number of absent workdays and the ordered Probit models for the SRH in 2011 and the change of SRH. Tobit regression was used for the number of absent workdays due to health problems, as its value was truncated at zero with a large number of observations at the zero point.
Considering the gender difference in health and labour force participation, 5 9 12 the recommendation of gender-disaggregated analysis [43] [44] [45] and the difference in population and polices between rural and urban areas Open access mentioned above, we divided our sample into four separate groups according to gender and working types in 2011: female farmers (ie, any agricultural work), female non-farmers (non-agricultural work only), male farmers and male non-farmers. In addition, we also conducted a preliminary analysis by pooling all four groups and testing difference with interactions. The model parameters were reported in section 4 of the online supplementary appendix. It is shown that the impacts of health status on work exit marginally differ among the groups. Thus, based on both background knowledge and statistical testing, we conducted four separate group analyses.
Interpreting estimated health coefficients
It is difficult to interpret the magnitude of the estimated health coefficients in Probit model for work exit and Tobit model for the number of absent workdays. To help the interpretation, we presented the expected probability of work exit for each of the four categories of the change of health status from 2011 to 2013. 46 47 To do this, we first assigned all individuals in our datasets to one of the four categories, and then calculated the expected probability of work exit for each individual using their own levels for the control variables (ie, age, education, marriage status and expenditures in 2011) and the assigned category of the change of health status. Last, we reported the mean value of the expected probability of work exit among all individuals. For absent workdays, we calculated the average expected number of absent workday following the same method.
Sensitivity analysis
We conducted all the analyses without using the weights and conducted the analyses by including all older farmers without applying the age restriction.
reSultS Table 1 presents our sample characteristics in 2011 by gender and by our four separate working groups: female farmers, female non-farmers, male farmers and male non-farmers. About 36% of women and 39% of men were non-farmers (weighted proportion), that is, engaged in non-agricultural work only in 2011. Not surprisingly, non-farmers' education level was much higher than that of farmers and men's education was higher than that of women. In terms of SRH, farmers and women had poorer SRH than non-farmers and men, respectively. Consistently, farmers were more likely to be disabled, and suffered from more chronic diseases and functional limitations than non-farmers, regardless of gender. Table 2 presents the percentage of work exit and the number of absent workdays in 2013 by gender and work type. Overall, about 90% were still working in 2013. Regarding each gender and work type group, 18.5% of female non-farmers and 12.0% of male non-farmers stopped work in 2013, while the percentages for female and male farmers were 11.0% and 4.9%, respectively.
Conditional on keeping working in 2013, for farmers, the number of absent workdays was 16.6 days for women and 15.0 days for men. For non-farmers, the numbers were 5.6 and 4.9 days for women and men, respectively. Table 2 also shows possible associations among work exit/absenteeism, the SRH in 2011, 2013 and the change of SRH from 2011 to 2013. People in poor health status in 2011 or 2013 had the highest percentage of work exit within each gender and work type group except for female non-farmers. The recent health deterioration (good/fair to poor) and persistently poor health (poor to poor) were associated with a higher probability of work exit for both females and males but this relationship was not shown among non-farmers after further breaking the population down by farmers and non-farmers. In terms of absent workdays, people in poor health status in 2011 and 2013, respectively, or in persistently poor health status over time had the largest number of absent workdays across all the groups. 48 one should not expect to obtain pseudo R 2 values as high as the R 2 commonly obtained in ordinary least squared (OLS) regression applications. For instance, values of McFadden's likelihood ratio index (LRI) between 0.2 and 0.4 indicate extremely good model fits which is approximately equivalence to 0.7-0.9 for R 2 from OLS based on simulations. Therefore, our pseudo R 2 values (McFadden's LRI ranged from 0.09 to 0.18) suggested that the detailed health measures moderately to strongly explained SRHs. Table 4 presents the analytical results of model I for the impact of 2-year lagged health only and model II for the impact of the change of health status over time.
Validation of constructed health measure
Work exit
Other parameter estimates are presented in section 5 of the online supplementary appendix. Results of model I showed that farmers in poor health status in 2011 were more likely to stop work than those in good health in 2011 (model parameter 0.655 (p≤0.05) for women and model parameter 0.810 (p≤0.01) for men). Results of model II showed that people who changed health status from poor to poor, good/fair to poor and poor to good/ fair were significantly more likely to exit from work than people with persistently good status except for female non-farmers. For example, among female farmers, the probabilities of work exit were significantly higher for those who changed health status from poor to poor (model parameter 0.752 (p≤0.01)), good/fair to poor (model parameter 0.763 (p≤0.01)) and poor to good/ fair (model parameter 0.415 (p≤0.05)) than those with Open access The proportions in parentheses are weighted proportions, the means are weighted means and SEs of the mean are in parentheses. The numbers in parentheses are weighted percentages, the means are weighted means and SEs of the mean are in parentheses. Open access Table 4 Model parameters for work exit and absent workdays Model †
Open access
Female (1) Male (2) Female farmers ( persistently good health status (the reference group).
The expected values shown in tables 5 and 6 are more helpful in understanding the magnitudes of the effects. Across all groups except for female farmers and female non-farmers, people with persistently poor health had the highest probability of work exit, for example, 0.28 for all males with persistently poor health compared with 0.05 for those with persistently good health. There was then a decreasing trend of probability of work exit among farmers with health status change from good/fair to poor, poor to good/fair and then good to good. However, this trend did not hold for non-farmers.
number of absent workdays due to health problems Among those who were still working in 2013, the overall average number of absent workdays due to health problems was 12 days (SE=0.63). The average number of absent workdays among farmers (16.6 (1.4) for women and 15.0 (1.1) for men), much higher than non-farmers (5.6 (1.3) and 4.9 (0.9), respectively) (table 2). All older working people with poorer health status had significantly more number of absent workdays due to health problems (tables 4 and 5). When analysing the impact of the change of health status over time, the model parameters (table 4) and expected values (table 6) showed a decreasing trend with persistently poor status leading to the largest number of absent workdays, followed by the changes from good/fair to poor, from poor to good/fair and persistently good/fair. The exception was found in female non-farmers.
Sensitivity analyses
The analysis results without using the weights provided by CHARLS were consistent with the main analysis results considering the weights. In addition, after dropping the age restriction for farmers, we observed similar effects (in terms of magnitude and significance) of the lagged health status and the change of health status over time.
The detailed results can be found in section 6 of the online supplementary appendix.
DISCuSSIOn
The effect of health status on work exit and absent workdays among older working people in China has not been extensively studied. This present paper fills the gap by examining the impact of the 2-year lagged health status and the change of health status over time on work exit and absent workdays in a representative older working population sample in China. We found that the effects of health status varied by the two outcomes (ie, work exit and absent workdays) as well as by both gender and
Open access working types (agricultural work vs non-agricultural work). Two-year lagged health status had significant effects on work exit among female and male farmers but not among non-farmers. In addition, the older workers (except female non-farmers) with poor health in either 2011 or both 2011 and 2013 were significantly more likely to exit from work or missed more workdays than those with persistently good health over time. Those with persistently poor health or recent health deterioration incurred the highest probability of work exit and number of absent workdays except for female non-farmers. Many studies have investigated the relationship between health and labour force participation or work exit among older workers in the developed countries. [5] [6] [7] [8] [9] [10] [11] [12] [13] For example, Bound et al investigated the dynamic effects of health on labour force behaviour of older workers using US data and found that poor health led many older workers to withdraw from the labour force. 9 In addition, respondents whose health declined relatively recently were more likely to exit from the labour force than those whose health declined earlier. 9 Disney et al demonstrated that ill health predicted individual retirement behaviour among workers aged from 50 until state pension age in Britain. 10 van den Berg et al showed that poor SRH was strongly associated with exit from paid employment due to retirement, unemployment or disability among older workers in 11 European countries. 7 However, there are very few such studies in the developing countries. Consistent with findings in literature, our study showed that female or male older workers with poor health (without further distinguishing farmers and non-farmers) were significantly more likely to exit from work. In contrast to Bound et al, 9 we found that female or male older workers with persistently poor health incurred the highest probability of work exit. The discrepancy might be due to different populations, labour force markets and social security systems.
Our study revealed the important differences between farmers and non-farmers as well as between males and females in tables 1 and 2. Farmers generally had worse health status than non-farmers. However, the work exit rate was lower in farmers than in non-farmers which is consistent with previous studies. 3 4 49 However, conditional on keeping working in 2013, the number of absent workdays for farmers was found to be higher than that of non-farmers. One possible explanation is that since social security schemes have not been fully implemented in rural areas and agricultural income is the main source of income for older farmers, they have to continue their work to late life. The other possible explanation is that poorer health status of farmers compared with non-farmers causes them to take more sick leaves while remaining working. In addition, we found that health status was not a significant factor leading to work exit for female non-farmers which suggests that work exit of female non-farmers is attributable to factors other than health. The improvement in health status only might not keep female non-farmers at work.
In our population selection, we restricted to women between 45 and 55 years and men between 45 and 60 years in 2013 based on the retirement age policy that is applied to the urban formal sectors in China. However, this policy does not apply to the rural population (ie, those in agricultural work). We therefore conducted sensitivity analyses by including all older working farmers without the age restriction. It showed that the effects of health status were similar to our main analysis results by applying the age restriction and relaxing the age restriction did not affect our conclusion on the influence of health status on work exit and the number of absent workdays for farmers.
One of our limitations is that when analysing the impact on work exit, we did not further distinguish those who were not working in 2013 by their work exit routes, for example, retirement, disability (due to health reasons) or other reasons due to the small sample size for the subgroups. We found neither health reasons nor retirement was the major reason for the work exit in 2013. Specifically, about 25% of female farmers and 40% of male farmers were not working due to health reasons and these proportions went up to 33% and 41%, respectively, if we dropped the age restriction. Only 2% of female and male farmers were not working due to retirement and the proportions did not change much if we dropped the age restriction (2% of female farmers and 5% of male farmers). The detailed reasons of work exit for different groups can be found in section 7 of the online supplementary appendix. The small proportion of retirement for farmers was partially due to the lack of retirement and pension schemes for rural population in China. 49 On the other hand, about 5% and 27% of female non-farmers and 20% and 8% of male non-farmers stopped working due to health reasons and retirement, respectively. Therefore, the effects of health status on work exit were comparable in the three groups (female farmers, male farmers and male non-farmers) because of their similar work exit routes. Also, the facts that very few female non-farmers stopped working due to health reasons and relatively high proportion of female non-farmers stopped working due to retirement partially confirm our explanation that work exit of female non-farmers is attributable to factors other than health.
In the present study, we only selected working population in 2011. People in poor health in 2011 who continued working in 2013 might have unobserved characteristics that encouraged them to work. For example, they might be in better health status than our health measures suggested or had a strong commitment to their work. 9 Therefore, we may have underestimated the effect of health status. However, we were more interested in examining the effect of health on the decision whether to continue working among the older people who had been already in the labour force. Therefore, our study findings are more relevant to the policies that attempt to retain the existing older working population through improving their health.
The proportion of older workers is expected to increase among the working population in China, which will Open access be further exacerbated by China's recent plan to raise the official retirement age. 50 Our study has important policy implications for China and other low-income and middle-income countries. Female non-farmers currently have earlier legal retirement age than male non-farmers and our findings indicate that female non-farmers might have to stop working due to the legal retirement age requirement instead of health. Therefore, more research is needed to investigate whether the legal retirement age should be extended for female non-farmers. Since exit from labour force is generally not reversible at an older age particularly for non-farmers, the priority should be given to the policies that better improve the overall workers' health status and improve the work circumstances of workers especially with persistently poor health. In addition, having realised the problem of lacking old-age security for the rural elderly, China government launched a nationwide, experimental rural social pension plan in 2009, which is expected to cover 10% of rural regions by the end of 2009, about 50% by 2012, and 100% by 2020. 51 However, our and previous findings using the same data indicated that the new pension plan did not affect the labour supply of rural elderly, as the majority of the elderly population sampled continued to work into their seventies. Our findings of older farmers taking more sick leaves while remaining in the labour force also suggest an unproductive rural labour force. It may indicate that the new pension plan has not provided enough social security for the elderly in rural China or there is a lack of knowledge and awareness of such pension plan. More research is needed in the future to explore the reasons why rural elderly still keep working under the new pension plan and accurately estimate the effect of the new pension plan on welfare of rural elderly.
In conclusion, poor 2-year lagged health predicts work exit for both male and female farmers, and increases the absent work days in all older working population. Persistently poor health or recent health deterioration over time has detrimental impact on labour market in terms of work exit and absenteeism among all older Chinese workers except for female non-farmers.
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